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Mass Ratio 
of 

InSb:GaSb 

Mass 
of 

Source 
(g) 

Loss 
of 

Source 
(g) 

Source 
Temperature 

(°C) 

Substrate 
Temperature 

(°C) 

Time 
(min) 

Process 
Pressure 
(Torr) 

10:1 1.0  0.17  710 540 60 3.1 

20:1 1.0  0.26  720 520 120 1.9 

30:1 1.0  0.31  740  505 180 2.1 

40:1 1.0  0.32  750 510 180 2.1 

Supplementary Table 1. The growth parameter employed for the synthesis of InxGa1-xSb 
nanowires. These growth parameters are optimized based on the nanowire surface morphology, 
geometry and electrical characteristics when configured into field-effect transistors.  
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Weight ratio of InSb:GaSb 
powder source 

Nanowire Stoichiometry Standard Deviation 

10:1 In0.15Ga0.85Sb In%=15±2% 

20:1 In0.22Ga0.78Sb In%=22±2% 

30:1 In0.09Ga0.91Sb In%=9±2% 

40:1 In0.28Ga0.72Sb In%=28±3% 

Supplementary Table 2. The average nanowire composition determined from energy dispersive 
X-ray spectroscopy measurements. All associated values are extracted from more than 10 
individual nanowires (NWs) for each sample group. It is noted that the powder source ratio of 30:1 
would result in a relatively lower In concentration in InxGa1-xSb NWs. This inconsistency should 
not be an accidental result as we have repeated the experiments for many times and obtained the 
similar results. For the optimal growth condition of InGaSb NWs with around 9 % In content, the 

growth temperature is optimized at 505 ℃, which is the lowest temperature required among all 

NWs with different In content. We have also tried the higher growth temperature (>505 ℃) with 

the same powder mixing ratio, but this combination of growth parameters is out of the optimized 
process window grown with defective NWs with lots of surface coating (Supplementary Figure 
2d). Since the growth temperature can drastically affect the chemical ratio of between Au and In 
in the AuIn alloy catalyst particle, which can subsequently affect the chemical composition of the 
grown NWs, we believe that the different growth temperature employed in this particular condition 
would contribute to the inconsistency here, where the powder source ratio of 30:1 (the third highest 
InSb case) yields the lowest In concentration (9%).  
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Supplementary Figure 1. Chemical composition of the obtained nanowires. Energy dispersive 
X-ray spectroscopy spectra of the as-grown InxGa1-xSb nanowires with different mixture ratios of 
InSb: GaSb (by weight) as the precursor source. (a) 30:1, (b) 10:1, (c) 20:1 and (d) 40:1.  
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Supplementary Figure 2. Surface morphology of the obtained nanowires. Scanning electron 
microscope images of the as-prepared InxGa1-xSb nanowires. The weight ratio of InSb:GaSb is (a) 
10:1, (b) 20:1, (c) 30:1. (d) NWs grown with a higher substrate temperature (510 oC) for the 30:1 
weight ratio. The grey scales denote the measured intensity.  
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Supplementary Figure 3. Growth orientations of the as-prepared InxGa1-xSb NWs. (a-d) 
Transmission electron microscopy images of the representative In0.15Ga0.85Sb, In0.22Ga0.78Sb, 
In0.09Ga0.91Sb and In0.28Ga0.72Sb NWs, respectively. All nanowires are grown with the <110> 
direction. The insets show the corresponding selected area electron diffraction pattern of the 
nanowires. The grey scales denote the measured intensity. (e) Statistics of the NW growth direction 
with different indium concentrations. 
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Supplementary Figure 4. Structure and composition of the typical In0.09Ga0.91Sb nanowire. (a) 
High-resolution transmission electron microscopy (TEM) image of the tip and neck-bending 
region of the nanowire. (b) (1) Lattice fringes and (2) the corresponding fast Fourier transform 
(FFT) pattern of the tip and body regions of the nanowire, respectively. (c) High-resolution TEM 
image of the body region of the nanowire. (d) The corresponding lattice fringes marked in panel 
(c) with the inset showing its FFT pattern. (e) TEM image of the body region of the nanowire. 
Energy dispersive X-ray spectroscopy (EDS) line scan is performed on the marked location to 
assess the elemental composition. The grey scales denote the measured intensity. (f), (g) and (h) 
EDS line scan results of the element of In, Ga and Sb, respectively, along the radial direction of 
the nanowire. The measurement location is marked in panel (e).  
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Supplementary Figure 5. Structure and composition of the typical In0.15Ga0.85Sb nanowire. (a) 
High-resolution transmission electron microscopy (TEM) image of the tip and neck-bending 
region of the nanowire. (b) (1) Lattice fringes and (2) the corresponding fast Fourier transform 
(FFT) pattern of the tip and body regions of the nanowire, respectively. (c) High-resolution TEM 
image of the body region of the nanowire. (d) The corresponding lattice fringes marked in panel 
(c) with the inset showing its FFT pattern. (e) TEM image of the body region of the nanowire. 
Energy dispersive X-ray spectroscopy (EDS) line scan is performed on the marked location to 
assess the elemental composition. The grey scales denote the measured intensity. (f), (g) and (h) 
EDS line scan results of the element of In, Ga and Sb, respectively, along the radial direction of 
the nanowire. The measurement location is marked in panel (e).  
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Supplementary Figure 6. Structure and composition of the typical In0.22Ga0.78Sb nanowire. (a) 
High-resolution transmission electron microscopy (TEM) image of the tip and neck-bending 
region of the nanowire. (b) (1) Lattice fringes and (2) the corresponding fast Fourier transform 
(FFT) pattern of the tip and body regions of the nanowire, respectively. (c) High-resolution TEM 
image of the body region of the nanowire. (d) The corresponding lattice fringes marked in panel 
(c) with the inset showing its FFT pattern. (e) TEM image of the body region of the nanowire. 
Energy dispersive X-ray spectroscopy (EDS) line scan is performed on the marked location to 
assess the elemental composition. The grey scales denote the measured intensity. (f), (g) and (h) 
EDS line scan results of the element of In, Ga and Sb, respectively, along the radial direction of 
the nanowire. The measurement location is marked in panel (e).  
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Supplementary Figure 7. Composition of the tip of a typical In0.28Ga0.72Sb nanowire. (a) 
Transmission electron microscopy image of the nanowire. The grey scale denotes the measured 
intensity. (b) Energy dispersive X-ray spectroscopy results of the tip region of the nanowire. The 
measurement location is marked as a red dot in panel (a). The determined compositions are 74.6% 
Au and 25.4% In in atomic percentage.  
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Name and formula  Crystallographic parameters  
Reference code: 00‐042‐0821 Crystal system: Hexagonal 

PDF index name: Gold Indium Space group: P63/m  
Empirical formula: Au10In3  Space group number: 176 
Chemical formula: Au10In3  a : 10.5387 
  b : 10.5387 
  c : 4.7862 
   

No. h k l d [A] 2Theta[deg] I [%]

1 1 1 0 5.27 16.81 20

2 0 2 0 4.56 19.451 20

3 0 1 1 4.245 20.91 20

4 1 1 1 3.542 25.122 50

5 1 2 0 3.449 25.811 30

6 0 2 1 3.305 26.956 50

7 0 3 0 3.04 29.356 5

8 0 3 1 2.57 34.882 5

9 1 3 0 2.532 35.423 80

10 0 0 2 2.396 37.507 80

11 0 4 0 2.281 39.474 5

Supplementary Table 3. The powder diffraction file (PDF) card of Au10In3. This crystal structure 
is consistent with the results obtained in Supplementary Figure 7b.  
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Supplementary Figure 8. In-plane orientation at the catalyst/nanowire interface. Schematic view 
of the in-plane orientation of In atom alignment in the catalyst/nanowires interface of 
Au10In3(0440)|GaxIn1-xSb(110). 

According to the previous study1, the crystal structures and phases of the catalysts play the key 
role in growing high quality single crystalline NWs. To investigate the effect of Au-In alloy crystal 
phases on the growth behavior of InGaSb NWs, the interfacial In atom alignments between the 
catalytic seeds and NWs are simulated as shown in Supplementary Figure 8. Notably the In 
alignment in the Au10In3 (04͞40) has the least lattice mismatch (~10% calculated as (acatalyst – 
ananowire)/acatalyst x100%) with the one in InGaSb (110), which would contribute efficiently to the 
<110> preferred growth orientation of the InGaSb NWs.  
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Supplementary Figure 9. Composition of the typical In0.28Ga0.72Sb nanowire. (a) Transmission 
electron microscopy image of the nanowire. Energy dispersive X-ray spectroscopy (EDS) line scan 
is performed on the marked location to assess the elemental composition. The grey scale denote 
the measured intensity. (b-d) EDS line scan results of the element of In, Ga and Sb, respectively, 
along the radial direction of the nanowire. The measurement location is marked in panel (a). 
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Supplementary Figure 10. X-ray diffraction (XRD) of the obtained InxGa1-xSb nanowires. 
Although transmission electron microscopy does not indicate the change of lattice spacing when 
the indium concentration changes, XRD results can clearly reveal the increase of lattice spacing 
when the indium concentration increases.  
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Supplementary Figure 11. Absorption spectra of the obtained InxGa1-xSb NWs. (a) In0.09Ga0.91Sb 
nanowire. (b) In0.15Ga0.85Sb nanowire. (c) In0.22Ga0.78Sb nanowire. (d) In0.28Ga0.72Sb nanowire. 
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Supplementary Figure 12. Determined bandgap of the obtained InxGa1-xSb nanowires. 

In order to assess the band gap of the InxGa1-xSb nanowires, reflective spectra of the nanowires 
were measured and shown in Supplementary Figure 11. The bandgap values of InxGa1-xSb can also 
be calculated from the following equation2: 

Eg (InxGa1-xSb) = Eg(GaSb) (1-x) + Eg(InSb) x - 0.22 x(1-x)                           (1) 

The calculated and measured band gap values as a function of indium concentration is shown in 
Supplementary Figure 12, which shows a good consistence between the measured and calculated 
values. 
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Supplementary Figure 13. Determination of the contact resistance of nanowire devices. (a) 
Scanning electron microscopy image of a nanowire device with multiple channel length fabricated 
on a SiO2/Si substrate to extract the contact resistance using the transfer length method. (b) 
Current–Voltage curves of a single In0.28Ga0.72Sb nanowire device. (c) Total resistance as a 
function of the channel length for the In0.28Ga0.72Sb nanowire device with a gate bias of -10 V. The 
contact resistance is extracted to be 29.5 kΩ. (d, e, f) Repeat for the In0.09Ga0.91Sb nanowire, in 
which the contact resistance is extracted to be 11.3 kΩ. The grey scales denote the measured 
intensity. 

In order to determine the contact resistance of nanowire devices, transistors with multi-channel 
length were fabricated using a single nanowire as shown in Supplementary Figure 13a and 13d3,4. 
The device with the In0.28Ga0.72Sb nanowire channel exhibits a contact resistance (Rc) of 29.5 k, 
while the In0.09Ga0.91Sb NW device yields a Rc of 11.3 k. We can conclude that the contact 
resistance is only about 1/10 of the total resistance even at the device ON state, and this contact 
resistance would become orders of magnitude lower when the nanowire devices are turned into 
OFF state. Combined with the linear relationship between source-drain current and source-drain 
voltage, we can infer that the contact is Ohm-like here.  
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Supplementary Figure 14. Determination of the gate capacitance (Cox) of nanowire devices. (a) 
Model for the calculation by using the COMSOL Multiphysics software. (b) Calculated Cox per 
unit length as a function of the nanowire diameter. 

Finite element method is used to calculate the gate capacitance of the nanowires by using 
COMSOL Multiphysics. The model for the calculation is shown in Supplementary Figure 14a. 
The calculated gate capacitance per unit length (cox) as a function of the nanowire diameter is also 
shown in Supplementary Figure 14b. Then, the gate capacitance of a predefined nanowire diameter 
can be calculated by the equation5: 

Cox = cox L             (2) 

where L is the length of the nanowire. 
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Supplementary Figure 15. Mobility calculation of a typical In0.09Ga0.91Sb nanowire device. (a) 
The transconductance (gm) as a function of gate voltage with a source-drain bias of 0.1 V.  (b) The 
mobility calculation performed with the dual sweep measurement. It is confirmed that there is a 
neglectable error raised by the hysteresis associated with different sweep directions. (c) The 
average hole mobility of different representative III-V p-type semiconductor nanowires, including 
InAs, InSb, C-doped InSb, Zn-doped GaAs, GaSb, and Zn-doped GaSb6-11. 
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Supplementary Figure 16. Growth and characterization of GaSb nanowires. (a) Scanning 
electron microscopy (SEM) image of the obtained GaSb nanowires. (b) Transfer curves of a typical 
field-effect transistor based on a single GaSb nanowire. Inset shows the corresponding SEM image 
of the device. (c) Output curves of the same device presented in the panel (a). (d) Mobility as a 
function of gate bias with a source-drain bias of 0.01 V. (e) Transmission electron microscopy 
(TEM) image of a representative GaSb nanowire. (f) High-resolution TEM image. The grey scales 
denote the measured intensity. 

In this work, GaSb nanowires (NWs) were also grown by the similar method as described in the 
main text. As depicted in the SEM image in Supplementary Figure 16a, it is clear that large 
quantities of NWs are grown on the substrate. The obtained GaSb NWs are long (> 30 m), 
straight, dense and relatively thick in the diameter with an average value of 233 ± 60 nm. This 
relatively thick diameter is mainly due to the uncontrolled radial growth of GaSb NWs as reported 
in the literature12. In any case, as extracted from the electrical characterization (Supplementary 
Figures 16b and c), the calculated peak hole mobility of the typical single GaSb NW device is 
found to be only 33 cm2V-1s-1 (Supplementary Figure 16d) while the average hole mobility value 
of GaSb NW devices is 26 cm2V-1s-1 based on the statistics of 40 single NW devices. Also, based 
on the typical TEM and HRTEM images (Supplementary Figures 16e and f), it is obvious that 
there are many lattice defects (e.g. stacking faults and inversion domains, etc.) existed in the GaSb 
NW, which is in a distinct contrast to the ones of InxGa1-xSb NWs (Figure 2 and Supplementary 
Figures  4 to 6). These large amounts of defects could contribute to the relatively low mobility of 
GaSb NWs due to the severe carrier scattering there. Furthermore, these defects can also provide 
a large amount of free carriers that cause the down shift of the Fermi level of GaSb to its valance 
band maximum. As a result, it is difficult to deplete the free carriers of the NW to achieve the 
device OFF state by electrical back-gating. 
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Supplementary Figure 17. Transfer curves of the typical In0.09Ga0.91Sb nanowire device. (a) 
Measurement in air. Inset shows the scanning electron microscopy image of the corresponding 
nanowire device. (b) Measurement in vacuum (3.5×10-4 Pa). 
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Supplementary Figure 18. Surface passivation of the In0.09Ga0.91Sb nanowire device. (a) Transfer 
curves of a typical device measured before and after the passivation. (b) Mobility values extracted 
based on the transconductance of the device measured before and after the passivation. The gate 
voltage sweeping is conducted from the negative to positive bias. 

In general, the mobility values of nanowire (NW) devices can be affected by the channel surface 
condition, such as the surface roughness, passivation and adsorbents, etc. In this work, since both 
GaSb and InGaSb NWs have the smooth surface as revealed from the transmission electron 
microscopy characterization (Figure 2, Supplementary Figures 4 to 6 and 16), the surface 
roughness effect should be the same among all these NWs. To further exclude the effect of any 
surface modification on the device mobility of the NWs, we measured the transfer curves of a 
typical In0.09Ga0.91Sb nanowire transistor in both air and vacuum (3.5×10-4 Pa) as shown in 
Supplementary Figure 17. Explicitly, there is not any noticeable difference observed for the 
measurement result in both air and vacuum, which suggests that the adsorbents have insignificant 
effect on the electrical properties of NW devices. Then, surface passivation with ammonia sulfide 
(NH4)2S were also performed on the In0.09Ga0.91Sb nanowire transistor. The fabricated devices 
were first soaked in (NH4)2S solution (stock solution) for 40 s. After that, the devices were rinsed 
carefully using deionized water and ethanol, and then baked at 120 °C for ~5 h13. As presented in 
Supplementary Figure 18, the surface passivation can slightly reduce the subthreshold swing and 
move the subthreshold voltage towards the negative voltage direction by minimizing the surface 
trap concentration on the nanowire device channel, which can further enhance the corresponding 
device mobility to some extent13. This phenomenon indicates that the initial high device mobility 
values of our In0.09Ga0.91Sb nanowires are indeed attributed to their intrinsic material properties, 
instead of relating to any surface passivation effect. In this case, the effective electrical back-gating 
to efficiently turning the device ON and OFF states can also be attributed to the intrinsic nanowire 
properties, rather than any other extrinsic effect (e.g. surface modification). 
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Supplementary Figure 19. Photodetection of the In0.28Ga0.72Sb nanowire (405 nm laser). (a) 
Photocurrent versus drain-source bias under different light intensity illumination. (b) Photocurrent 
and responsivity as a function of the light intensity. (c) Transient response under modulated light 
illumination with intensity of 1.5 mW mm−2. The measurement is performed with a source-drain 
bias of 2 V and a gate bias of 0 V. 
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Supplementary Figure 20. Photodetection of the In0.28Ga0.72Sb nanowire (635 nm laser). (a) 
Photocurrent of the nanowire device under different illumination intensities. (b) Photocurrent and 
responsivity as a function of the different incident light intensity. By nonlinear fitting of Iph = A 
, the  value is founded to be 0.55, where Iph is the photocurrent and  is the light intensity. (c) 
Photoresponse measurement of the nanowire device under the illumination intensity of 0.5 mW 
mm-2. The measurement is performed with a source-drain bias of 2 V and a gate bias of 0 V. 
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Supplementary Figure 21. Photoresponse of the single InxGa1-xSb nanowire. (a) Transient 
performance of the In0.09Ga0.91Sb nanowire photodetector. (b) Transient performance of the 
In0.15Ga0.85Sb nanowire photodetector. (c) Transient performance of the In0.22Ga0.78Sb nanowire 
photodetector. The measurements in panel (a) to (c) are performed under an illumination of 405 
nm with an intensity of 0.5 mW mm-2, a source-drain bias of 2 V and a gate bias of 0 V. 
Photodetection performance of the single nanowire devices with different nanowire composition 
and illumination conditions. (d) 405 nm, 0.4 mW mm−2. (e) 532 nm, 1.6 mW mm−2. (f) 635nm, 
0.3 mW mm−2. The diameter of the NWs is 50 nm ± 5 nm for all the measurements.  
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InGaSb 
Photodetector 
(405nm) 

Responsivity 
(AW-1) 

EQE (%) Detectivity 
(Jones) 

Response Time 
(rise time)(s) 

Response Time 
(decay time) (s) 

In0.09Ga0.91Sb 2405 7.37x106 1.78x109 42 53 

In0.15Ga0.85Sb 2293 7.02x106 1.71x109 36 51 

In0.22Ga0.78Sb 2459 7.53x106 1.81x109 32 43 

In0.28Ga0.72Sb 2332 7.14x106 1.80x109 45 58 

Supplementary Table 4. The photodetection performance of InxGa1-xSb nanowire devices (405 
nm, 0.4 mW mm−2). EQE stands for external quantum efficiency. 
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Supplementary Figure 22. Photodetection of the single InxGa1-xSb nanowire (1550 nm laser). (a) 
Current–Voltage curves of InxGa1-xSb nanowire devices. (b) The dark current of InxGa1-xSb 
nanowire devices. (c) Transient response of the single InxGa1-xSb NW photodetector devices. The 
illumination intensity is 3.1 mW mm−2 for all the measurements. 
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InGaSb 
Photodetector 
(1550nm) 

Responsivity 
(AW-1) 

EQE (%) Detectivity 
(Jones) 

Response Time 
(rise time)(s) 

Response Time 
(decay time) (s) 

In0.09Ga0.91Sb 50 4.0x104 3.08x107 32 41 

In0.15Ga0.85Sb 117 9.4x104 7.18x107 45 68 

In0.22Ga0.78Sb 209 1.67x105 1.28x108 37 49 

In0.28Ga0.72Sb 434 3.48x105 2.66x108 38 53 

Supplementary Table 5. The photodetection performance of InxGa1-xSb nanowires (1550 nm, 3.1 
mW mm−2). EQE stands for external quantum efficiency. 
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Supplementary Figure 23. Photodetection of the nanowire device after channel passivation. (a) 
Current–Voltage curves under the illumination of different light intensity. Inset shows the scanning 
electron microscopy image of the passivated nanowire device. (b) Photocurrent and responsivity 
as a function of the incident illumination intensity. (c) Transient response of the photodetector. 
The light intensity is 3.1 mW mm−2 with a chopped frequency of 0.1 Hz. (d) High-resolution 
transient curve of the device. For all measurements, a single In0.28Ga0.72Sb nanowire with surface 
passivation of (NH4)2S is employed as the device channel, while a source-drain bias of 2 V, a gate 
bias of 0 V and an illumination of 1550 nm are utilized. 

For surface passivation, the fabricated devices were soaked in (NH4)2S solution (stock solution) 
for 40 s. After that, the devices were rinsed carefully using deionized water and ethanol, and then 
baked at 120 °C for ~5 h13. The photodetection performance of the (NH4)2S passivated 
In0.28Ga0.72Sb nanowire (NW) photodetector device is then presented in Supplementary Figure 23. 
It is clear that the rise and decay time constants of the passivated InGaSb NW device are reduced 
from 38 and 53 s (without passivation) to 24 and 37 s (with passivation), accordingly. These 
reduced response times can be explained by the minimized surface trap concentration owing to the 
effective surface passivation. Since the difference of the observed response times is relatively 
small as compared between with and without the surface passivation, all the discussion presented 
in this work would be based on the results without any surface passivation. In any case, the optical 
response can be confirmed due to the intrinsic properties of our InGaSb NWs, instead of the 
material quality issue.   
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Supplementary Figure 24. In0.28Ga0.72Sb nanowire parallel array devices. (a) Transfer curves of 
the device. Inset shows the corresponding scanning electron microscopy image of the device. (b) 
Output curves of the device. (c) Photocurrent versus drain-source bias of the device under different 
light intensities. (d) Photocurrent and photoresponsivity of the device as function of the light 
intensity. (e) Transient curve of the device with modulated illumination (1550 nm, 3 mW mm−2). 
(f) High-resolution transient curve of the device with modulated illumination (1550 nm, 3 mW 
mm−2). 
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